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Because chan,es in intrUwe output affects inu:rstatclcosts. there is conceptually no way to

define TFP :rowth separately by jurisdiction. And since one cannot defme distinct interstate

and intrastate productivity growth rates, there can be no adjustment to total company1
growth to approximate interstate productivity growth.

1. Separability imposes restrictions OD the production procesI for.
lDultiproduct ranD that do Dot hold for teJec:ommlln ic8tioas
technololies.

Economic theory shows clearly that TFP growth for subsets of services in a

multiproduct fmn can be defined only in very restrictive circumstances that certainly do Dot

hold for telecommunications firl1)s. In economic theory, productivity growth is measured

with reference to a production function which specifies the maximum output that can be

produced from given quantities of inputs. Using that production function, total factor

productivity growth is the difference between the rates of growth of a revenue-weighted

index of maximum output quantities and an expenditure-weighted index of input quantities. If

there were only two outputs: interstate and intrastate services, it would not be meaninpul to

speak of individual TFP growth rates for interstate and intrastate services unless the

production function can be written in a particular and very restrictive fonn in which:

• all outputs can be unambiguously separated into intrastate and interstate
services;

• all inputs can be unambiguously separated into intrastate and interstate facton
of production; and

• changes in intrastate inputs do not affect interstate output and changes in
interstate inputs do not affect intrastate output.

Mathematically, these conditions imply that the cost function for the firm can be

written as the sum of individual cost functions for interstate and intrastate services:

C(Q..., Qg.., PL, PEt Pac> = C.(Q.., P.., PIl:,. Pw) + Cz(Q..,., PLJ Pit, Py}

where PL , P~, and PM are the prices of labor, capital and materials, 0.... and Q...,. are

quantities of interstate. and intrastate outputs and '1<Q, PLt Pit, P".) represents the minim~

cost of producing output Q with given factor prices PL, Pi: and PM • these requirements are
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known as "separability" reStrictions in economic theory. and in particular. they mean that the

:narginal rate of substitution among interstate factors of production must be independent of

the level of intrastate demand (and vice versa). The known presence of economies of scope

among interstate and intrastate services means that the cost function cannot be separable. and

TFP growth cannot be measured independently for interstate and intraState services.

As recognized in the FFN, interstate and intrastate telecommunications services are

supplied \aing a high proportion of common facilities, and such technologies are, in fac~ not

sepanble in the sense defined above. Interstate and intrastate usage services are produced

using the same facilities and expenses. An increase in demand for interstate carrier access

leads to precisely the same changes in investment and expenses as an increase in the demand

for intrastate carrier access or, indeed, for local usage. In these circumstances, it is, '

impossible to distinguish between the productivity growth rates of intrastate and interstare

services. If eacll additional minute of interstate service requires the same increase in inputs u

an additional minute of interstate service, then productivity growth in the two secton win be

the same.

Note that this result holds irrespective of the output growth rates of the two .

services. Even if intrastate output is constant, if the identical technolo&y is used to produce

intrastate and interstate services. interstate and intrastate services would experience the same

gtowth i ..l total factor productivity, in the sense that the change over time in the amount of

output produced per unit ,!f input would be the same. An addition to the rate of growth of

interState output would lead to higher total factor productivity growth for inaastate as well as

interstate services.

2. JurisdidioDal separations do not provide • basis for productiYIty .Daly.

Outputs can be assigncc:i consistently to interstate and intrastate jurisdictions,

although the distinction may have little meaning to customers. 29 The difficulty for

productivity analysis is that the costs associated with producing intrastaic and interstate

» For uamp1e. eM kx:aI distribution of iDtentaee eoll caJJs is jurisdicbonaJJy iatentare &alder the
CO'DmillFiQll.'S MCI, but tile Qlk are fuDctionally identical to the local distribulioD of iDtruIate toll ca111.
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servic:cs cannot be separated into corresponding intrastate and inrerswe components. The

Commission's Part 36 Rules do not jurisdictionally separate costs for the purpose of settina
prices. They do not reflect cost causation. and interstate costs do not even approximate the

economic costs of supplyin& interstate services. Productivity growth measures based on

separated costs would be distorted by changes in the separations fonnulas and factors and

would provide no meaningful information about the productivity growth. of interstate

services.

Consider, for example, the recent history of jurisdictional separations. From the

beginning, the interstate jurisdiction was synonymous with long distance toll setVice. Thus

costs allocated. to the interstate jurisdiction were recovered from long distance charges while

costs allocated to the intrastate jurisdiction could be recovered. from intrastate usage charges .

or from flat-rated monthly charges. Until Smith v. Illinois &/1 in 1930, none of the costs of

local service were assigned to long distance services. The first ~tiOlU manual was

adopted in 1947, and in response to the perceived need to hold down·loca1 rate increases, the

industry steadily increased the ponion of local costs assi,ned to the interstate jurisdiction.JO

By 1982, the presence of competition in interstate long distance markets made increasing

subsidies to local service difficult to sustain, and the FCC froze the subscriber plant factor

portion of the separations formula, reducing it to a common 25 percent gross allocator in a

transition from 1983 to 1986.

The intention of jurisdictional separations was thus to determine an appropriate

amount of local exchange costs to be recovered from long distance revenues. Th~ was and

is no pretense that jurisdictionally interstate costs bear any relation to the fOlWard-lookinc

incremental or total costs of supplying interstate services. For example; 2S percent of Iion-

:Ill 'I'be perce:Dl of JIOIl-U'aftic ....tive (NTS) plaDt auipelf to eM u...... jurilClic&ioa wu oriJiaallY
_ 81 die iDtonCMe IIIiIndea of.. (SLU) proponioa. 1'bi& proportioD u.er.-I ....11 ....... 1950 ... 1'10
from 1.8 timII SLU ill cbe CbarlIIIGD PIAD (1952) to 2.S ti_ SLU ill 1M OeDva' P.. (l96S) to 3.2 timea
SLU ill tbc FCC Pia (1961). culmiMcin, ill 3.3 tim. SLU in the Ozark Pia (1911). For. AiIlGl)' of
jwVdiaional aepua&ioaa, IiOO J.... W. Sichcer, S«ptvtuiDIIS ProcetJwa ;11 1M T__phD".·IIlllMsrry: 7M
HlIIorlcal OrigiM ofa Pllblic PDlicy, Propuu on Infonucion lUlIourc-. Harvard University. CambricI...
w.-.:h...... Public:ati0ll P.77·2, JUUU)' 1977 or C.L. Weinbaus ad A.G. 0euiDaa'. BMabtd'M r.lqIIDIw
DUGIc. Norwood. New lawy: Abla PublUbiD, Corponcion, 1911.
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traffic sensitive (NTS) accounting costs are assigned to the interstate jurisdiction even though

these cosu are not sensitive to the volume of interstate services or even to the presence or b~

absence of interstate services in their entirety. Measures of productivity growth for interstate £.
services would be affected by the rate of growth of NTS plant, and yet there is no· causal

connection between the growth of interstate output and changes in NTS plant.
I

When the production process is not separable between interstate and inuastate

services, interstate TFP growth is undefined. Measuring it is like trying to find a black eat in

a dark room where there is no cat. It is not merely very difficult; it can't be done.

If it could be done-though it can't-any method of measuring jurisdictionally

interstate TFP growth would have to adjust investment and expenses for changes in the

separations rules. Obviously a change in a separations formula that shifts invesunen~ or costs'

towards the interstate jurisdiction does not represent a reduction in interstate productivity. . ..

growth in any meaningful sense of the word. In addition to adjusting for changes in the

rules, additional adjustments would have to be made for ordinary changes in separations

factors. The Commission's Part 36 Rules assign investment and costs to the interstate

jurisdiction depending OtT factors such as the pereenta&e of interstate usc. In practice. special
I

studies are perfonned by telephone companies at various interVals of time to calculate factors

to be used in the formulas. A change in a factor would chance measured productivity

growth-all else equal-and since the change in the factor bears no necessary relationship

with a change in the forward-looking economic cost of supplying intersmte service, such

changes would also bias the measurement of productivity growth.

In short, the jurisdictional assignment of costs through Part '36 of the

Commission's Rules does not represent an economically meaningfulamgnment of costS· to

the cate&orics COrrespcmdinl to outputs of interstate and intrastate serviccs" Changes in

separated costs or investment &enerally have no bearing on corresponding changes in the

relative costs of interstate and intrastate services, and using such cOsts in a TFP study would

produce economically meaningless results. As 10nl as interstate and intrastate services are

produced using common costs and the same technology, there is no way to identify separate

productivity growth rates for interstate and intrasrate services.
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3. Different output p1)wth rates for different senices do not imply
different productivity or unit cost changes.

It is generally rcc:ognizcd that output growth is a key determinant of the rate of

ifOwth ofTFP. For example, the 1989 NERA study filed in CC Docket No. 87-313 found

that a one percent increase in the rate of growth of usage was associated with about a 0.5

percentagc point increase in the rate of growth of TFP.3\ Similar results w~ reported in

the Christensen study for local exchange carriers rued in 1994; that study concluded that tia

onc percentage point decrease in output will lead to a reduction in TFP growth of between .3

and .S percentagc points. "32 With this background, the Commission seeks comment in thc

FFN (at 1 65) regarding adjustments that mi&ht be made to an aggregate fmn-levr.l historical

TFP growth estimate to reflect differences in intrastate and interstate service growth rates.

First, it is' important to understand the observed relationship between rates of
growth of output and rates of IfOwth of TFP. Faster growth in usage (interstate or

intrastate), for example. leads to a more rapid replacement of network switches and trunks

which are common facilities used to produce both interstate and intraState usage services.

Hence more rapid interstate output growth leads to more rapid tot3J company productivity

growth. In exactly the same manner, more rapid intrastate usage growth leads to the same

increased growth in total company TFP. Thus, even if interstate and intrastate services were
separable (so that we could identify separate productivity growth ratCS~~hich we caiuiOt),

their TFP growth rates would be the same and would not depend ori' which service was

actually growing more rapidly over any particular historical period.

Second, suppose that interstate and intrastate message usagt services were identical

(and thus expc:rie=ed identical historical TFP growth rates). An additional component of

overall intrastate output is related to lines, and it is correct that the growth in lines has

D '-' ,
Natiaaal EMaomic RCIIeU'Cb AllOCi.... IDe., ..ADalylil of AT"T'. CompariJoa of ..........

.A£lCOII CbarpeU~me:-bve R.p1aliOD ad bIc ofRelUnl RcpJatiaD.- Filed_Reply Comments.,
reprcliD, m. FCC', Ripon GIld 0rdIr IDd SctHttl FMnJwr NOlie:. of~ed"RM1IIruIJrJIIi'Ua ec Docket 81-
313. AUplt3. 1919. .

DL.a. Cbri....., P.E.~, aDd M.E. M.itz8D. "ProducIivicy of thO Local OperatiDi 1'""",
Compenics Subject 10 Price Cap aeplaliOD,· ChriIleMeQ AAocill", May 3, 1994. p. 23.
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significantly laIged the growth in usage seIVices over the post-divestiture~.Does the

inclusion of line-related services in the measure of intrastate output sugest that interstate

TFP ,rowth-if identifIable-would be greater than the aaaregare firm TFP powth? The

answer is no because the production process of a multiservice telecommunications firm

cannot be separated between line and usage-related outputs. J.1 If the production process is

not separable, it makes no sense to speak of productivity &lOwth for lines or usaec
individually.

In conclusion, TFP IfOwth is undefined for intrUtate and interstate sc:rvk:es, and

attempts to adjust aggregate measures of TFP growth to offset differential rates of output

growth or different average margins between price and cost can only be described as

arbitrary. Because separate productivity growth rates for interstate and intrastate services do .

not exist, it is futile to ponder how to adjust an awegate TFP measure to approximate the

non-existent separated growth rates.

B. Productivity Growth Cannot be Measured IDdepeudently for Replated
aDd NonrecuJated Se"ices Produced Usinl Common Facillties

The FCC 1987 JOiN Cost OrderU established rules (set outir:'. Part 64 of the

Commission's Rules) to separate costs of regulated and nonregulated services, including both

incremental costs that can be assigned on a cost-causative basis and common costs thar

cannot. The Order requires large LEes to file cost allocation manuals (CAMs) that detail

each company's implementation of the rules and to submit to an annual independent audit to

attest that the firm complies with the manual. Like the Part 36 jurisdictional separations

rules, these Part 64 rules assign costs to regulated and nonregulated services on an other­

than-cost-eausal basis.

II So.. important caat-nduciDg technical chaps are MI!UDOI!J acroa liDea aad uap, e.,.,
developmeatl ill optical fiber traupol't aDd in iDItallatioD aDd maiDteIWICe .vill,. cbrou,b procell~
eIl~ initiative&.

M JoiN Cost Onkr. 2 FCC kc. tJl1298.
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However, unlike the Part 36 rules, FCC accounting rules do avoid splitting

revenues and costs of regulated and unregulated services that share facilities or cosU.

According to the Part 32 accounting rules, revenues and expenses are booked to accounts

within the regulated telephone company whenever the function in question entails costs that

are common with the production of a regulated service. Only when production of the service

has no shared or common costs with a regulated service would its revenues and expenses be

recorded in a separate set of accounts.3S Pan 64 rules are then used to allocate the balances

in accounts between regulated and nonregulated sectors, and Part 36 rules are appli.edto the

regulated balances remainin~ in these accounts (sometimes called ·subject to separations·

accounts) to effect jurisdictional separations.

ParagIaph 70 of the FFN suggests that because

(w)ith respect to other unreculated services, however, the production functions
may differ substantially from those of regUlated services since nonregulated
services include foreign service offerings and noncommunications services

it micht be

possible and reasonable to exclude some or all nonregulated services from the
TFP calculation even though we decide to include intrastate services in the
calculation.

To the extent that Part 32 accounting rules recognize and idenify when re,u!ated and

nonregulated services share no common costs or facilitics, it is reasonable to treat the

production function of the- telephone company as separable between regulated and

nonregulated services-in the sense that its cost function can be written.as the sum of

independent cost funCtions for the aggregate of regulated services and the agrelate of

nonrcgulated services. Under no likely conditions. however, could Part 64 separated data be

used to measure the costs attributable separately to individual regulated or unreculared

services because of the existence of a shared production funtion (joint and common costs).

IS See••••• , 47 CPR Section 32.4999(1).
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IV. ':'BEHIsToRICAL REvENtJE METROD SHOULD NOT BE USED TO SET A PRoDUCTIVITY TAaGET

AlthOUih it tentatively adopted the TFP-based approach for estlblishinl the X factor, the

FCC is seeking' comments on a number of other approaches, including the Historical Revenue

Method.36 In particular, Issue 2a asks;

• Is the Historical Revenue Method Superior to a TFP-based approach for

devdopini an X-factor?

The answer is no. The Historical Revenue Method provides perverse productivity incentives:

essentially the same disincentives of traditional cost-plus regulation. In addition, the deviatiou

between accounting and economic costs introduce serious measurement CITOn so that the method

is an extremely poor approach to establish a productivity factor for a price cap plan.

We elaborate by addressing the specific issues addressed in 's,so - 83. In particular,

181 deals with the. fundamental issue of incentives, and , 83 deals with the mathematical

basis for the approach. Paragraphs 80 and 82 address implementation details in the event

:hat the approach is adopted. We address the paragraphs in this order.

A. Productivity Incentives

Paragraph 81 asks: "Does the Historical Revenue Method provide adequate

incentives for LEes to increase productivity and become more innovative?· 11le answer is

no. As we explained in NERA's lune 1994 reply comments, because this method resembles

traditional re&ulation, it does nor provide proper efficiency incentives. We repeat our earlier

analysis of this issue here.

In the 1994 review, several parties asserted that LEe earnings had risen under the

price cap plan or were simply roo high, and they proposed an inc::n2Se in X to resolve theta

problems. Both AT&T and GSA based their productivity offset recommendations on a direct

assessment of the LEes' actual accounting earnings performance during the price cap period.

316 n. mecbocl W8I propoIOd by AT&T (aaci al~ GSA) aDd hu .... c:aUtd 11M DiNct Melbod by ill
plapaDlDta. ' >

1
I
I
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While employing somewhat different methodologies, both answered the question: what would

me X factor have to have been for the LEes to have earned the target return (11.25 percent)

during the price cap period. Both then proposed a mid-course adjustment to the

Commission's productivity offset based on that calculated historical X.

That proposal represented a gross misundcrswlding of how incentive regulation

works; if implemented, it would eviscerate the Commission's attempted regulatDry reform

and institute in its place, traditional cost-plus regulation with a three-year lag. The very

design of incentive regulation requires that the LEes not be required to forfeit the entirety of

the gains obtained from their own improved performance. Hence measurements of achieved

productivity growth should have only a limited role: to serve as a diagnostic measure of

whether the original parameters of the plan were seriously in error. nicre are twO reasons

for this limitation:

(i) productivity growth exhibits fairly large year-la-year variations., so that most

observed deviations from the expected value are well within the normal range. It

would be senseless to vary parameters of the plan to track random fluctuations in

annual productivity growth; and

(ii) unusually large productivity gains could be the result of management effo(t.
i

Adjusting the plan subsequent to this effon would severely erode the incentives of the
I

plan to the point of creating a thinly-disguised version of traditional cost-plus

regulation.

The original price cap plan contemplated a wide range of acceptable earnings

outcomes: a floor was estlblished at 10.25 percent, SO/SO sharing of eaminp would be,m at

12.25 percent, and earnings were capped at 16.25 percent. Earnings within this range wc=

permitted to deviate (up or clown) from 11.25 pereen~ and the acceptable depee of deviation

was not unintentional. Indeed. it constituted the essential difference between the price cap
I ' ; •

plan and ordirwy rate of return rqulation. If the range of acceptable earnings outcomes had
.~ ... .,..... .

been smaller-e.I.• if it shrunk to zero (around 11.25 percent}-the price cap plan ~ou1d
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have operated exactly as theoretical rate of return regulation.J7 The price cap formula would

have adjusted prices every year, but earnings adjustments would have ensured that prices in

total changed just as they would have changed had rate of return regulation continued. Thus

earnings that deviated from 11.25 percent but remained in the range contemplated by the plan

were not considered excessive or deficient,. and allowing earnings to deviate from 11.25

percent is an essential component of the plan.

It is noteworthy that according to AT&T's data presented in the 1994 Review, no

RBOC's rate of rewm fell outside this range, averaged over the price cap period. In fact,

the average~ of return for the price cap companies fell comfortably in the center of the

r.mge. Adjusting a plan on the basis of actual outcomes that are clearly within the range

contemplated by the plan would have simply been a return to the bad old days of traditional .

cost-based regulation, which the Commission rightly rejected as antiquated and in need of

change.

Another problem with using earnings in the way contemplated by the historical

revenue method is that LEe eamings-as me:asured by regulatory accounting ruJes-do not

pretend to measure economic profit and are notoriously poor proxies for it. Moreover,­

changes in accounting earnings are also a poor measure of changes ill economic profit. First,

economic profit is not defined for interstate services because there is .~o economic basis upon

which to split common costs between interstate and intrastate services. Second, the

accounting treatment of depreciation for regulated LEes is based on asset lives that are

currently too long and have historically been too long, so that LEe accounting profits are

overstated relative to economic profits. As telecommunications markets become more

competitive, market forces will undertake a more realistic appraisal of the LEe capital stock,

and as asset liva ·are ,reduced, the associated changes in accounting profits.will be again a

poor measure of changes in economic profits.» Third, regulated earnings are affected by
numerous accounting conventions, so that a firm's decision to accelerate the depreci3.tion

37 '1'bia reIII1t balds irrtlllpeetiv. of &be love} of the au&boriud rate of~~ If Ibe~ ....... of
eami.Dp abruak ro zao arouad 12.25 pen:ea&. ilia outcome would be indiltinpisbable from QCMIt-plu reJUlalioD
1&&i.D112.:ZS perc:-t .. cbe·aucDorized rate of retuna.

• See, for example. Riva Ada, "Honesty im't such a bad policy," ForllG. July 4. 1994, p. UI•

• l~ ,
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expense associaIed with an asset would affect measured productivity growth in this meIhod

but would not, in tallty, affect the lrowth rates of outputs, inputs or acwal Produe:tivi1·Jt

A second problem with inferring a productivity differential.from earnings data is

that the ca.lculation presupposes that all other aspects of the plan perform correctly. In

panicular, if some exogenous cost changes-positive or negative-wen: not accounted for

under the price cap plan or if their effect on costs beyond their effect andle GDP-PI weze
,.

calculated inc:orrcctly. one could no longer infer the level of the achiev'!d historic:al

productivity offset from data on earnings.

Because price cap regulation decouples prices from accounting costs. regulated

firms operate under efficiency incentives similar to those facing unregulated firms.

However, the efficiency benefits from price caps depend on managers having confidenc::e thai

superior cost savings will not ultimately be taken away through inappropriate adjustments to .

the plan. For example, if manaaement believed thal superior realized productivity Would

tri,&er an increase in the productiVity tar&et in the future, the efficiency incentives would be

severely eroded.

While the actual performance (including the change in productivity) of the LECs
.. . ~ .' -

during the price cap period may be germane to the review of the program, the results must

be interpreted in the context of the Commission's intent in establishing the plan. In order to

ensure long-term stability and to avoid a return to traditional cost-plus regulation, it is

absolutely essential that the productivity gains realized under price caps not be used to

recalculate a firm's price cap productivity target. For example, suppose the LEe industry

i:nplemented a cost-~ving prolram that lowered the kvel of inputs by one percent, but did

not affect the rale of chanee minput! in the future. Such a change would show up as aone
, • . j

percent improvement in proc1uctivity in the year it occurred·. If this measurement caused the

productivity target to increase by one percent, the LECs would be forced to live back..their

» A TFP Audy-lib tile Christen.. AuDci.... study tiled in tbia Docbl-cbu __ ecaaamic
dcpracialiclll. in. ita c:alcuIaUOD of the c.pica1 8toc:k ia DC)( ur.:..d. by c-. aQClOUDliq~OD& Ibat would
ciillDrt dut type of aalyau pNllCDIIld by AT"T aDCl GSA aDcl DOW letated to .. 1M Historioal -.wa..
Mdbocl.

Mdbocl.
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increased camin&s and would be committed to make similar additional cost savinls in every

future year. Returning earnings from cost reductions would be exactly what occurs under

traditional cost-plus regulation with regulatory lag and would constitute a failure to reward

efficiency improvements that the Commission sought to encoura,e with price caps.

Moreover, it would be wholly incorrect to incorporate a one-time cost reduction into a 10111­

term productivity offset by effectively assuming that thcCOSl reduction would continue to

take place in every year.

-
B. Comparison of X factors from TFP and mstoriCal Revenue Methods

Paragraph 83 deals with the mathematical relationship between a TFP-based·

X factor and one based on the Historical Revenue Method. Because of the distortioDi .

introduced from using accounting data (including accounting measures of dcpn:ciation.

sunk costs, authorized cost of capital, calculation. of interstate earnings, etc.), there is
~ ~

no precise mathematical relationship. The use of accounting data in place of the

correct economic data (which is used in a proper TFP study) introduces an "apples to

oranges II feature into any attempt to compare the methods rigorously.

If, hypothetically, the Historical Revenue Method were used with ~conomic cost

measures, thc:rc could be a direct comparison. By definition, TFP accounts for all costs,

including the cost of capiaiJ.. Therefore, on average over sufficiently long time periods,

revenues would just equal costs and there would be no economic profit (i.e., the firm .would

earn its cost of capital). Therefore, given a correct measure of the ~conomic (not

accounting) cost of capital, an earnings-based method could conceivably produce a backward­

looking measure of productivity achievement equivalent to that produced by the TFP-based

method. However, to date, no party has proposed using such a version of the Historical

Revenue Method.

There are several qualifications to this statement of equiv8lence. Fint, the

Historical Revenue Method measures a ikviarion from an established productivity target anc1
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actual results. So unlike an ordinary TFP-based calculation of X. this method cannot stand

on its own, and it is only useful when a TFP-based measure of the productivity target is

already available. Second, when added to the target, the results of the Historical Revenue

Method measure the difference between the output price growth of the industry and US

output price growth (GDP.PI); they do not measure TFP growth directly. The relationship

Detween the output price growth differential and telecommunications industry TFP is the

following:

That is, industry prociuctivity growth (TFPL> consists of the sum of

(i) the difference between the result of the Historical Revenue Method (~) and

economy-wide output price inflation (GDP.PI) and

(ii) the level of the input price inflation rate (w&> of the telecommunications industry.

Third, in order for this equivalence to hold, all of the problems of using accounting <lata to

represent economic concepts for a subset of the firm's services would have to be overcome,

including measuring economic depreciation, valuation of sunk COSU, measuring the cost of

capital. and the inability to measure profits meaningfully for interstate services in the

presence of common costs. Finally, the above hypothetical implemenration of the Historical

Revenue Method is applied to the firm as a whole. AT&T's application of this method to a

subset of LEC services (interstate carrier access) is invalid for the same reasons that

productivity studies for a subset of the fmn's services are generally invalid. Because these

requirements for equivalence are not satisfied for telecommunications firms, the Historical

Revenue Method will yield biased estimates of TFP growth for such fin:ns and should not be

used to set a productivity tar,et in a price cap plan.
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V. THE HIsTORICAL· PRICE METHOD IS THE DUAL OF THE TFP METHOD

While the economic theory of duality shows that productivity can be calculated

from either the differential rates of growth of input and output quantities or prices, there ale

pmctical differences in the calculations which favor using quantity indices to measure

changes in TFP. The FFN explores this relationship (at 'S 84-86) between the historical price

method and the n:P method for determining a productivity offset in the annual price

adjuument formula for a pricc-cap-regulated finn. In economic theory, TFP growth and the

change in unit costs can be measured using the same set of basic assumptions and the

relationship between input and output quantities or input and output prices. In his classic

exposition of the theory of total factor productivity measurement, D.W. Jorgenson beJins

with the identity that the value of output is equal to the value of input (equation (1». He then

cllffc=ntiatcs this identity with respect to time to derive the change in TFP as the difference .

between Divisia quantity indexes of outputS and inputs. In a footnote, he observes that

Any index of total factor productivity may be computed either from quantity
indexes of total output and total input or from the corresponding price inda:cs.
The whole analysis that follows could be carried out in an entirely equivalent
way, using price indexes instead of quantity indexes.40

In particular, measurement of the change in TFP by either the price or quantity method

requires the assumption that the value of input equal the value of output in each period-or at

least that the data be adjusted so that this identity holds approximar.cly in the historical

·ad ~1pen .

These basic facts from the economic theory of duality have several practical

conseque.nces. Firs&. the apparent ability of the hisrorical price method to produce a

productivity ofDel·or a measure of productivity growth for QII individual serviu-or for

Cl D.W. lot,..... "The SJDMc'imeat HypocbeIis." lM·Joumtll 0/Poltllcal EconomY. Vol. LXXIV,
February 1966 at 2-3.

'I ThiJ cltpeadease 011 &:be coaSI&D1 equality of revenue aDd COIl ov. time ...a. iDtuitive __• If.
fima WOtO &0~ ecaIIQlllic anaiAp radIer IbID Joww priceI &0 refleet producciviay pvwth. tbe prKe
methocl appJW co dIa& dMa would~ true pIOducciviay IfOWCb. a.cau cbI& tile P""~Ureuty
study IdjlJlled pricellO bold eamiDp CODI&aftl. The Chriat... llUdy ac:compli..... rhia by usia, III.
iDdcpeadear IIIIliaIIIN of the cost of capital.
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interstate carrier access services as a group-is illusory. When output price data are adjusted

to keep earnings constant across the historical period, accounting eostsmust be assigned to

individual services.G That assignment is.no different-in principle-f~~the measurement

of interstate access TFP growth from Part 36 and Part 69 cost and revenue data, which is

acknowledged to be inappropriatc.. Sccond, while duality implies that TFP growth measured

by quantities and prices will be the same, it does not suggest that failure of ~y of the

assumptions of the method will have the same effect on the two TFP growth measures.

For example, suppose economic earnings vary from year to year during the

historical period. n:P growth measured by quantities could differ markedly from TFP

growth measured by prices. If prices are adjusted in each period to keep measured economic

earnings constant. errors in the adjustment would affect TFP as measured by prices more

:han TFP as measured by quantities. Using the historical price method, TFP growth is

calculated from cMnges in prices (Le., the difference between the rates of growth of input

and output prices). Using the quantity method, prices enter the TFP growth calculation only

(i) as part of the revenue and expenditure weights used to calculate aggregate quantity
indices of outputs and inputs; and

(ii) as levels rather than annual changes.

Thus errors in measuring input or output prices (or adjusting output prices to keep accounting

earnings constant) have a larger effect on TFP growth as measured by price ra.thcr than

quantity. Possibly for these reasons, it is instructive to note that, without exception, empirical

studies of productivity growth use quantity indices rather than priCC? .in~ices. 63

Third, the practical decision whether to base historical 'measurements on quantities

or prices must take into account the use to which the measurement will be put. In the preaeot

c nu. wMD NERA anA FI'OIltnIp-Ure&aiky caleu1ated X usia, die biIcoric:a1 price metbocI. CC
Doc:bt No. 87-313, they IdjUliod pricea 10 bold eamiDp coastaDl. aDd chat tdjUltIDlDl Nquind die calnd'riCIII
of the tocal COM of ...... IWicebod acc:eM service.. TU c.a1eulatioa dMnfore enooeouly uaipa • portiaD of
ca.. fixed com of die LEe. to intent&te ftlitehed .ce:ese aervic. aDd pnleDlad arbitrary md iDconect .u......
ofTPP. .

, ..
G See, for uamplc. D. lorpuon, F. GoUop and B. FraulDlDi. Prot.lMctiyily tutd U.S. EctJNJlfJic

Growrh. CambJidp: Harvard UDiveniC)' PRIll. 1987, aI 4 and 152-159.



12/15/95 8&:45 ttEDlATEL FAJ SERVICE->U S UEST/Judy Brunsti119'
DEC 15 '95 ~9:42 USTA

DEC 15'95 07:~
396 P34

I
i

31

exc:rdsc, the re.sults will be used essentially to forcca.st future values of prod~etivityirowth

to determine a reasonable target productivity growth for the pfice..<:ap regulated LEes. Sinc:e

productivity growth-relative to U.S. average productivity &rowth-is the ultimate source of

real price reductions in any market, it is preferable to study productivity growth directly,

rather than indirectly through the price changes that follow from productivity growth. In

particular, possible differences between the historical period and the future will be easier CO

quantify directly in terms of productivity growth than indirectly in terms of output price

growth."

Finally, the duality of price and output-based measures of productivity growth can

be used as to check results. As discussed above, we cannot use duality to reccmcile the

historical price calculations for interstate switched access services with the quantity-basc:d

productivity measures calculated by Christensen: the latter applies to all the firm's semces
I

and would be comparable only to a price-based productivity study performed on all of the

finn's services.

It is straightforward to compare a price-based measure of the achieved X ~or the

telecommunications industry with the historical X calculated by Christensen. Indeed, the

Commission Staff has already performed such a comparison: the Spavins-Lande studies filed

in CC Docket No. 87-313 are long run measures of the X achieved by the

telecommunications industry.4S As updated through 1993 in the NERA Reply Comments,

the long run (1929-1993) productivity offset calculated from telecommunications industry

price data averaged about 2.1 percent, unchanged from the Spavins-Lande finding for the

1929-1987 period. Applying the method to the post-divestiturc period, we (mel that the

Spavins-Lande historical price-based value o{X for the period examined in the ChristenSCll

diRd studies (198'-1993) is 2.4 percent which corresponds reasonably closely with the VIIlue

of X proposed by Dr. Christensen which uses the long run input price differential of O. This

.. lbia cIiffarcIM;c iI parUcularly relevanc wbcla priclu w.... replated dif&reDdy ttetw.... 1M IaiIb'icaI
period ad rbc Curure. Much of tbc wort ill tbc oriJinal acudieI ill CC Docket 17-313 usia, die hiIIorical price
mecbod wu doae co correc:t meuured pri", for cbaa.. over rime ill repIarory ruIM aDd procedur&

4S SIIpp~ NOll" of l'roptN«l Ruz.uuc;II,. CC Docbr 87-313, Muda 14 1990, AppIDdix D IDlI
SUt:Htd IWporr GNl Ortkr. CC Docket 17-313, Ocrober 4, 1990. Appeadi. D.

. ,"",
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correspondence provides some confirmation that-at the level of aggregation of the entire

firm-the historical price method and the direct TFP method yield similar.results, as they

should under t= principles' cif duality.46

In summaryt although economic theory suuests that prices and quantities can be

used symmetrically to calculate productivity growth, there ale serious practical conc:ems with

historical price-based methods in these circumstances. Price-based melhods can replicate

accurately the outcome of historical regulation on prices and can determine an X that will

assure customers that real price growth will be slower under price regulation than it had beea

under the historical regulatory regime. However, to give economic support to the historical

price method requires (i) that prices be adjusted to undo the multitude of regulatory cban&es

over time and (ii) that the analysi~ be undcnaken at the level of the total finn rather rhan

interstate services or individual services. 47 When that analysis is undertaken, we see that

the historical price method yields approximately the same historicai value of the X-Factor u

obtained from the direct measurement of TFP growth based on input and output quantities.,

.. Note dull if die abort IUD poia& .awte of 1M iDput price c1if'feralial WCN ad.w &0 Dr.
auuc. TPP c1iw.r-cw. tile c:orTeIJl ....... bctw-. cba dinct aDd dual.;..... of iDdu.Itry
pradu.ctivit)' di..,.,.... 11li& ftct impli. tIal GIlly die loal"ftlD Idj...... for difforcDc:ea ia iDput price
powrh at. ...-tially ZIlllrO-i. c:auilleal with both die empiric:al~ _ the implalioal of ddaIil7.

4'1 Note dIat auura of die hiltorica1 prod~vity offMt baled OD c:anier aee:e. price. propaIOd ill dIiJ
Docbc do DOt live sud:l aapport because rhoy are UDdertaken for oaJy • suhut of .... LEC'. 1el'Yic:-..
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VI. THE CONSUMER PRODUCTIVITY DIVIDEND
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Paragraphs 94-95 of the FFN note that a consumer productivity dividend (CPD)

was originally added to the historical X factor (calculated prior to price regulation) to ensure

that customers benefited from the anticipated increase in the rate of growth of TFP stemming

from the adoption of price cap regulation. The FFN then asks if a CPD should again be

added to an historical X factor measured over a period in which price' cap regulation were in

force. There are atl.east two reasons Why-irrespective of the announccc:llevd of the

productivity offset-a continued or additional CPO is not warranted. First, adding a CPD to

a.'l historical X factor measured over a period that includes price cap regulation would

effectively double-count expected productivity gains from regulatory reform. Second,

interstate price caps are currently approximately 2.5 percenc lower than would othcrw·

have been because of the 0.5 percent CPD put in place at the beginning of price cap

regulation for LECs. It is unclear why a shift to an improved form of regulation in th

would continue to yield additional efficiencies in the future. One might think that aon

reduction in prices should be required to match a one-time reduction ir:t costs. from imPfVed

regulation. However, because it is built in as part of the productivity offset, the intersj

CPD automatically increases over time. Indeed, since 1991, some five years of a CPD ,are

embedded in the LEes' current rates.

vu. CONCLUSION

Three important areas of Commission concern are addressed in this study. First,

evidence reprdina the mapitudc and uncertainty of the measured input price differential in

a price cap plan SUUcsu that point estimateS calculated over a relatively Short period of time

are too unreliable to support their usc in a mechanical formula. If' a' productivity target were

increased to account for the post-divestiture difference in LEe and U.S. input price growth,

the LEes would be doubly penalized when interest rates begin to rise and LEe input prices

begin to rise more rapidly than those of the U.S. as a whole.

Second, use of historical TFP measures to determine the productivity offset in the

p:ri.cc adjustment formula is reasonable. Productivity growth must be calculated at the level of
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the entire firm. Efforts to calculate scrvice-spccific productivity powth are misguided

because the production function for telecommunications services is nOl separable for

interstate and intraState services. for regulated and nonregulated services. or for finer

disaggregates of services. It is not possible to estimate service-specific TFP growth.

Similarly. adjustments to total firm measures of productivity growth to account for

differential output growth or contribution by service are also improper because there is DO

underlying difference in productivity growth rates across services for these adjustments to

O1pproximate.

Third, while calculating productivity growth from price or earnings data is

possible in theory, it is more academic than practical. The Historical Revenue method

requires that accounting measures of earnings and depreciation correspond to economic

~nccpts and that price cap regulation have been applied correctly and consistently over the

historical period. Similarly, the Historical Price Method requires that the price data be

adjusted to keep measured economic earnings constant. and errors in those adjustments are

likdy to have a larger effect on measured TFP IfOwth than when direct. quantity-based

measures of productivity growth are calculated.. But the main drawback to both approaches

is that-despite appearances-they cannot produce meaningful productivity growth measures

for LEC interState services. Productivity growth for LEC interstate services calculated by

:hese methods entails tacit assignments of fixed common costs to particular services, so that

the resulting measure of productivity growth is as arbitrary as the undefined concept-the

productivity growth of a subset of services connected through flXed.common costs-it

attempts to quantify. Such measures have no theoretical suppon in economics and can play

no useful role in the measurement of productivity lrowth to set the parameters of a price cap

plan.

,
I
I
I
I
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Page 1 of.

REGRESSION: TELEPHONE INPUT PRICE GROWTH - CHRISTENSEN 1 DATA

Ll!C Input U.S. Input Dh••tItu.. Moody.. Pennanent Shift HypothesiS (8uIh-U,...,)
Price Pnce BJnary ItubUdi 1110-2 ConatanC -0.0027

~ ChIng' kbIa8a DIIaIaIl JlAndI D.ummy Std Err of Y Est 0.Q3lI7

" B C E 0 I! RSqua* 0.6322
1~ 3.~A -1.~ 0 2.68% 0 No. of ObMMltions ..
1Q50 5.1" 6.3% 0 2.82% 0 Degrees of FreedOm 40
1951 8.8% 7.9% 0 2.M% 0 USIPr DNestilure Moody
1952 a.I% 1.2% 0 2.96% 0 X Coefl'icient(s) 0.30&02 -0.0571 O.we
1953 2.4% 3.7% 0 3.20% 0 Std En' of Coef. 0.2338 0.0152 0.2083
1554 1.9% 0.8% 0 2.80% 0
1955 5.4% 8.6% 0 3.01% 0 t-statllic 1.4553 -3.a142 3.1007
~9S6 1.7% 0.1% 0 3.31% 0
1957 -1.1% 3.1% 0 3.1t% 0 F-1tatiItIe 10.1512
~95i 3.3% 0.5% 0 3.71% 0 (UO)
1959 5.4" 7.0" 0 '.31" 0
1960 '.2" -0.1" 0 ,."% 0
1901 3.8% 3.5" 0 4.35% 0 T..pcnay Shift tty.......
1962 2.2% •.•% 0 4.33" 0 Constant -0.0081
1i63 1.0""" 3.8% 0 4.28% 0 Std Err of Y Eat 0.0301
1ifW 6.0-"" 4.5% 0 4.~ 0 RSquared 0.5800
1505 0.5% 5.7% 0 4Ai% 0 No. of ObMrv.1ona ..
1S66 1.1% 4.8% 0 5.13" 0 e.g.... at FIMdom 31
1sa1 1.9% 2.0% 0 5.51" 0 USIPr DivHtiIu.. Mooay 1990-1192
1SlOB '.2" 4.4% 0 8.18% 0 X CoefIIc:lent(I) 0.3208 -0.0851 0.717. 0.0740
1sa9 2.1" 3.7% 0 7.03% 0 Std Err of Coer. 0.2_ 0.0158 0.1877 0.0220
1970 3.'" 3.3% 0 8.00&" 0
1871 •.2" 8.8" 0 7.39% 0 t-51alisjc 1.5392 -5.3981 3.8225 3.3858
HI72 8.0% 7.2% 0 7.21% 0
1973 0.6% 6.3% 0 7.44% 0 F-ttatIItIc 12.411.
1974 5.9% 4.~ 0 8.57% 0 (4,38)
HI75 14.2% 9.4% 0 8.83% 0
1976 10.7% 9.1% 0 U3% 0
1977 8.1% 8.ft 0 8.02" 0
1978 7.1% 7.8% 0 8.73% 0
1979 7.2% 8.2% 0 9.83% 0
1980 14.6°,," 6.6" 0 lUI." 0
18191 11.6" 9.8% 0 14.17% 0
1M2 12.'" 3.7% 0 13.79% 0
1983 12.8% 5.8% 0 12.04% 0
19a4 1.8% 7.4" 1 12.71" 0
19a5 0.1% 4.0% 1 11.37% 0
198& 1.3% 3.8% 1 9.02% 0
1987 1.7% 3.1% 1 9.31% 0
1988 -3.2% 4.'% 1 1J.71% 0
19a9 -3.7% •.1% 1 U6% 0
19iO 11.8% 4.2% 1 9.32% 1
1ii1 1.3" 2.~ 1 8.77% 1
1Q92 ' .•% 5.1% 1 a. ,.% 1

SOUrt:la: CC: Docket &1-1. Firat RIt*t MCI Older. lite.....Aprl 7. 1ie!. Appendix F. Chrilensen Affidavit o.ta
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RSGRISS'ON: TaJDlHONE ....UT PJUCE QRowrH • CHRISTENSEN 2 OATA

Yield on Pel'lNMnt Shift Hypotheela(~)
Lee 'nplAC u.s. Input D1~ 1IiIaady'. Constant ~.0tU8

..rtoe Prtce BInary PUb UtII ,.10-2 Std Err of Y Est 0.0308
~ cu.,. '*- Qummy .... ~ RSQU8IIId 0.""0

.A B C D E F No. of ObleN.tiona J3
1960 2...% 1.7% 0 .....," 0 CeQrMs of FreedOm 29
1961 ...0% 2.1% 0 ...35% 0 USIPt DlYaIItUN Moody

'952 3.1% 4.5% 0 4.33% 0 X Coefllclent(a) 0.3140 -0.0410 0.57N
1883 4.9% 3.ft 0 4.21% 0 Sed I!tr of CClef. 0.317i 0.01" 0.2350
11)64 2.~% 5.4% 0 ...40% a
1iSS 2.~% ....... 0 4.49% 0 t-Slatlatle 0.il78 -3.3365 2.4653
1. 1.5% 5.5% 0 5.13% 0
1967 5.oe~ 2.'% 0 5.51% 0 F-statisIic 7.7201
1968 e.1% e.•% 0 6.18% 0 (3.29)
1969 2.7% 4.0% 0 7.03% 0
1970 4.0% 3.2% 0 8.04% 0
1871 8.5% 8.8% 0 7.38% 0 TempcNWy ShiftHy",
1972 7.6% 6.0% 0 7.21% 0 Constant ~.O'"
1Q73 Ui% 8.6% 0 7."% 0 SId Err of y Eat 0.0247
1974 4.a·" 4.2°" 0 8.57% 0 RSqU8llld 0.8153
1975 9.3% 8.5% 0 8.83% 0 No.ot~ 33
1978 9.2% 9.2% 0 8.43% 0 DegrHa of Freedom 28
lli77 4.8% 7.3% 0 8.02% 0 USIPt DivMIibn Moody '-"112
1878 7.3% 7.0% 0 8.73% 0 X CoetI'iciMI(S) 0.2774 ~.075Z 0••18 0.0731
197; 2.9% 7.7% 0 SUD% 0 Sed Err of Caet. 0.2561 0.0133 0.1803 0.0177
1gao 6.9% 1.0% 0 11.114% 0
1881 11.0% 9.5% 0 14.17% 0 ~taIistIc 1.0111 -5.1177 3.63t6 '.1~

1882 9.3% 3.1% 0 13.7D% 0
1a83 13.7% 8.2% 0 12.04% 0 F-statiltic 13.3017
1880' 1.8% 6.5% 1 12.71" 0 (4.21)
1885 0.1% ".()lJ6 1 11.37% 0
1986 1.3% 3.8% , 9.02% 0
1987 1.7% 3.2% 1 u.% 0
1888 -32.4 ".8~ 1 9.71% 0
1ea& -3.7".4 ".2% 1 Sl.2t% 0
1890 11.Sl% 4.3~ 1 Sl.3Z% 1
1991 1.3% 2.9% , 8.77% 1
1992 4.4% 5.1% 1 8.14% ,

Sourc.e; CC: Oodcet 90'01. First~ and Order. R.INMd April 7, 11185. AppMdix F, NERA Data
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REGRESSION: INPUT PRICE DIFFEReNTIAL - CHRISTENSEN 1 DATA

LEC-US Permanent Shift Hypothesla (BU8h-UNtllky)

Input DIY.. Moody'- Conatant -0.0157

Prtce IIInary Pub Util 1t1Q.2 Std Err of Y Est 0.0375

~ Qrpwtb QIJD'IID)' Bonds DIIIDIDJ R Squared 0.1702

A B C D I! No. of ObMrvrions ....
1949 4.2°~ 0 2.88% 0 Deg,.... Of FreecIOm 41

1950 -1.2% 0 2.82% 0 Dlvatitu... Moody

1951 0.9% 0 2.88% 0 X Coef/iCient(.) -0.0440 0.30484

1&52 7.4% 0 2.91% 0 Sid err of Coef. 0.0155 0.1944

1953 -1.3% 0 3.20% 0
1954 1.3% 0 2.90% 0 t-SeatlstIc -2.8330 1.7818

1955 -1.2% 0 3.08% 0
1958 1.0% 0 3.36% 0 F1t8Ii.tic 4.2036

1957 -4.8% 0 3.88% 0 (2,41)
1958 2.8% 0 3.79% 0
1959 -1.8% 0 4.31% 0
1960 4.8% 0 4.41% 0 T....poNiy Shift Hypotheeis
1961 0.3% 0 4.35°" 0 Conatant -0.0184
1962 -2.2% 0 4.33% 0 Std En' of Y est 0.0344
1963 -2.8% 0 4.26% 0 RSqu8red 0.3179
1964 1.5% 0 4..-0% 0 No. ofObIerv8tions 44

1965 -5.2% 0 4.49% 0 Degrees of Freedom 40
1_ -3.5% 0 5.13% 0 DivestitUre Moody 1990-1892
1967 -0.1% 0 5.51% 0 X CoefftcientCa) -0.0701 0.4045 0.0721
1988 -0.2% 0 8.18% 0 Std Err of Coef. 0.0188 0.1798 0.0245
1989 -1.6% 0 7.03% 0
1970 0.5"- 0 8.04% 0 t-Stdltic -4.1737 22527 2.9429
1971 -2.6% 0 7.39% 0
1972 0.8% 0 721"- a F..tlItiItlc 8.2128
1973 -5.7% 0 7.44% 0 (3,40)
1974 1.7% 0 8.57% a
1975 4.8% 0 8.83% 0
1978 1.6"- 0 8.43% 0
1977 -2.5% 0 8.02% 0
1978 -0.2% a 8.73% 0
1979 -1.0°4 0 9.83% 0
1880 • 8.0% 0 11.94% 0
1981 1.7% 0 14.17% 0
1982 8.4% 0 13.78% 0
1983 72% 0 12.04% 0
1914 -5.8% 1 12.71% 0
1985 -3.8% 1 11.37% 0
1986 -2.5% 1 9.02% 0
1987 -1.4'Jft 1 9.38% 0
1988 -7.8% 1 9.71% 0
1989 -7.8% 1 9.28% 0
1990 7.7% 1 8.32% 1
1991 -UI" 1 8.77% 1
':992 -0.7% 1 8.14% 1

Soutce: cc: CClCket 84-1, Fim Report and Order. R....1ed April 7• , 996. Appendjx F. Chril--.n AftIdavIt Data
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AltKhmentA
Page 4 of4

REGRESSION: INPUT PRICE DIFFERENTIAL. CHRISTENSI!N 2 DATA

LEC-US Yield on Perm8nent Shift Hypotheaie (Bush-Uretaky)
Input Diyeatitu... Moody'. Constant -0.0251
Price B'nIIry PubUUI 1-.2 Stet Err of Y Est 0.0327

YMr._ GroY.ltb Q.urnlllJ. .Bo.n~.. Dulnrny: RSq~ 0.1848
A- B B D E No. of ObuNationi 33

1960 0.7% 0 4.41% 0 Degrees of Freedom 30
1981 1.1% 0 4.,35% 0 DlVestftUre MOOdy
1982 -1.4% 0 4.33% 0 X Coefficient(a) -0.0338 O~18

1963 1.0% 0 4.26% 0 Std Err of Coet. 0.0135 0.2200
1964 -3.0% 0 4..0% 0
1965 -2.0% 0 4.48% 0 t-$18IlAc -2.~35 1.5543
1966 -4.0% 0 5.13% 0
1967 2.2% 0 5.51% 0 F-stlltistlc 3.4001
1988 -0.3% 0 6.18% 0 (2,30)
1969 -1.3% 0 7.03% 0
1_70 0.8% a 8.04% 0
1971 -0.1% a 7.39% 0 Temporary Shift HypocMea.
1&72 1.8% 0 7.21% 0 Conatant -0.0325
1973 -2.0% 0 7.44% 0 Sid Err of Y EM 0.0275
1974 0.6% 0 8.57% 0 RSQuaNd 0.4385
1975 0.8% 0 8.83% 0 No. of 0bseIvati0nI 33
1978 0.0% 0 8.43% 0 0egrMa of Freeclom 29
1977 -2.5% 0 8.02% 0 DivMtibn Moody 1880-1.
1&78 0.3% 0 8.73% 0 X CoeftIcient(.) -0.0586 0.4380 0.0714
1979 -4.a·~ 0 9.83% 0 Std Err of coer. ·0.0135 0.1874 0.0187
1910 -O.,.,~ 0 11.M% 0
1981 1.5% 0 14.17% 0 t-statiatic -4.4281 2.3422 3.6289
1982 6.2% 0 13.79% 0
1983 7.5% a 12.04% 0 F.....tlc 7.5787
1984 -4.7% 1 12.71% 0 (3,29)
1985 -3.9% 1 11.37% 0
1938 -2.5% 1 9.02% 0
1987 -1.5% 1 9.38ll'. 0
1988 -7.8% 1 9.71% 0
1989 -7.9% 1 9.28% 0
1990 7.6% 1 9.32"a 1
1991 -US% 1 8.77% 1
1992 -0.7% 1 8.14% 1

SQU(QI; CC: Docket 94-1. Firat Report and Order. RelellSedApriJ 7,1995. Appendix F, NERA Data
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COMPETITIVE ACCESS PROVIDERS - Summary by State and City as of 11'95

State Oty Competitor - Existing Competitor - Planned

1) Arizona Phoenix Teleport Comm Group (TCG)
IntelCom Group (ICG)
GST Telecom
Electric Ughtwave (Ell)
MFS Communications (MFS)

Tucson Amer. Comm. Srvs. (ACSI)
Brooks Fiber Comm.
GST Telecom

2) Colorado Color. Springs ICG
Denver ICG MClmetro

TCG
MFS -

Boulder ICG MFS
TCG

3) Idaho Boise Phoenix FiberUnk of Idaho
4) Iowa Des Moines McLeod

Cedar Rapids McLeod
5) Minnesota Minneapolis MFS

Paragon Cable/ Fibrcom
6) Montana
7) Nebraska Omaha TCG
8) New Mexico Albuquerque ACSI

Brooks
GST Telecom of NM
Phoenix FiberUnk of NM

Las Cruces GST Telecom of NM
Farmington GST Telecom of NM
Santa Fe GST Telecom of NM

9) No. Dakota
10) Oregon Portland EU MClmetro

Paragon Cable MFS
Pacnet Digital Direct

11) So. Dakota
12) Utah Salt Lake City EU Phoenix FiberUnk of Utah

Qwest Communications
13) Washington Seattle TCG MClmetro

MFS
EU

Spokane FiberLink/Tel-West
14) Wyoming

• This information represents publicly available information collected by U S WEST


